This paper seeks to advance our understanding of the determinants of student achievement among East Asian economies utilizing the TIMSS-R data set and in the process, to remedy some of the ambiguities in the literature to date.. These ambiguities are frequently due to the sparseness of detailed data on students, teachers, and schools. The TIMSS-R data set offers detailed information on these variables which is not typically available from other sources allowing us to isolate the impact of various factors affecting student achievement while controlling for specific characteristics of the students, teachers, and schools surveyed. Our results indicate that the most consistent factors affecting student performance are characteristics associated with students (innate abilities and home resources). Moreover, we do not find any consistent relationship between the performance of students and school resources or teacher autonomy, both of which are often advocated in the discussion of education reform.
I. Introduction
The importance of education to economic growth is well documented in the literature.
The success of East Asia during its high growth period was underpinned by the rapidly expanding educational opportunities for its people, especially in secondary education (World Bank 1993) .
1 Analysis of export performance has placed considerable weight on the average years of schooling of labor force in East Asia (Chuang 2000; Witte 2000; Wood and Berge 1997) . Compared to other developing regions, East Asia has attained a much higher enrollment rate, especially for secondary education.
By 1999, gross enrollment rates for economies in East Asia were close to universal coverage, although there is still a large variation within the region. While Japan and Korea achieved universal enrollment in 1999, other economies are lagging behind, especially in Indonesia, where only 55% of students in the relevant age group were enrolled in secondary education. Even though they are still behind and much improvement in enrollment is desirable, these economies have made steps towards increasing enrollment rates (see Table 1 ).
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At the same time, education quality measured by international test scores varies widely among these economies. Consequently, these economies need to pay closer attention to the quality of the education system in order to renew future growth.
1 Even though the empirical evidence of returns to education in microeconomic literature is well-established (see, for instance, Harmon, Oosterbeek, and Walker (2003) ), the results from macroeconomic literature is mixed. For instance, Prichett (2001) notes that the stock of human capital does not explain growth and Bils and Klenow (2000) find little evidence that initial schooling affects growth significantly. However, subsequent literature has reconciled the different finding in micro and macro literature by incorporating institutional differences (Chuang 2000) , quality of education (Hanushek and Kimko 2000; Dessus 2001 ) and by using better data sets (de la Fuente and Doménech 2002; Krueger and Lindahl 1999; Krueger and Lindahl 2001) . See Sianesi and van Reenen for a recent survey (2003) . In addition, readers should bear in mind that changes in education systems take time to influence economic growth (Hanushek 2002) . 2 For instance, Thailand has greatly expanded its enrollment in recent years by increasing the number of lower secondary schools from 5,661 to 7,991 and the number of upper secondary schools from 2,041 to 2,817 between 1995 (UNESCO 2001 . This led to the increase in the gross enrollment rate of 59% in 1997 to 79% in 1999 (World Bank 2002 . Furthermore, compulsory education is now extended from six to nine years and the government guaranteeing twelve years of free education through the National Education Act of 1999 (Thailand Ministry of Education 2000) . This effort is backed by allocating 20% of GDP to education, a number comparable to spending by Korea (World Bank 2000) .
In terms of the quality of education measured by the TIMSS-R results, 3 economies in East Asia fare well compared to other countries that participated in TIMSS-R. Singapore, Korea, Taiwan, Hong Kong, and Japan rank among top five in math out of 38 countries who participated (See Table 2 ). Malaysia follows these five high performing countries, scoring above the United
States. Thailand scored a little lower than the international average, while Indonesia and the Philippines scored substantially lower than the international average. In science, Taiwan scored the highest, closely followed by Singapore, then Japan and Korea. The only economy that fell from the top five spot is Hong Kong, which ranks 15 th in science. Similar to the results from math scores, the relative rankings of Malaysia, Thailand, Indonesia, and the Philippines stay the same (See Table 3 ). Thus, we have five relatively high scoring economies (Hong Kong, Japan, Korea, Singapore, and Taiwan), with others struggling to reach the international average (Thailand, Indonesia, and Philippines). Malaysia seems to be in the middle, trying to make it closer to the top performing economies. Since it is often advocated that strong math and science education is required for sustained economic growth, these countries lagging behind in terms of students' achievements in math and science (Malaysia, Thailand, Indonesia, and Philippines), it is quite important to disentangle the determinants of high achievement elsewhere.
This paper seeks to advance our understanding of the potential determinants of higher achievement among students in East Asian economies utilizing the TIMSS-R data set. The TIMSS-R data set offers detailed information on students, teachers, and schools, which is not typically available from other sources. This allows us to gauge the impact of difference in the teaching practices and effects of teacher autonomy among these economies in terms of test scores. In the next section, we lay down the basic empirical strategy. Section III then discuss the empirical results using the TIMSS-R data, and section IV concludes with policy implications for these economies.
II. Prior Literature
Most studies on the determinants of educational outcome take the test scores as the measurable outcome of schools. 4 Policy sets can be classified into two broad categories: policies on school resources and on the school systems.
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Under the umbrella of school resources, researchers consider classroom size, teacher qualification and experience, teacher training, and other aspects of physical resources at schools. The focus of studies on school systems is the organizational aspects of the educational system, namely the degree of competition allowed and of autonomy of each school.
The relationship between school resources and students' achievements has been examined quite intensively in the literature without clear answers. In much of the debate on the school resources, the most attention is given to class size. 6 The proponents of smaller class sizes argue that this will lead to improvements in students' achievements, 7 while critics question the validity of such argument.
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The empirical results on the effect of class sizes to students' achievements are mixed, reflecting the endogeneity and missing variable problems. Since placement of students in smaller classes can be potentially influenced by teachers and parents, the causality link cannot be estimated precisely unless data is generated from controlled experiment or other exogenous variations in class sizes are used as an instruments. Even when using such instruments, the results are varied. For instance, class size does not have any effect on students' achievements when using the population variation as the instruments (Hoxby 2000b) or the effect of class sizes flips signs when using a detailed data set to control for between and within school sorting (Woessmann and West 2002) . In contrast, using exogenous variations in class sizes stemming from Maimonides' rule, Angrist and Lavy (1999) find that 4 There are other possible indicators such as wages earned in later periods, continuation of education, and possibly other social outcomes often neglected by economists. 5 Needless to say that student characteristics including family characteristics often exert large influence on students' achievements. However, in this section, we concentrate our discussion on factors that policymakers can readily influence. 6 This may be the reflection that much of this debate stems from the U.S. experience, where basic infrastructure is already provided. For developing countries, this may not be case and the more resources allocated to schools, the more the student achievement may improve. For instance, a survey of schools in Jakarta reveals that many schools, especially private schools, lacked libraries and science labs (Behrman, Deolalikar, and Soon 2002) . Another study on Indonesia shows that an increase in school funds leads to improvement in students' achievement (James, King, and Suryadi 1996) . 7 See for instance, Lee and Barro (1997) , Krueger (2003) . 8 For instance, see Hanushek (1986; .
smaller class sizes do improve students test scores in Israel.
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Results from controlled experiments such as the Tennessee Student-Teacher Achievement Ratio (STAR) suggest that smaller class size may be beneficial to at least some students in improving their test scores (Krueger 1999) . Furthermore, by improving the scores, students may decide to stay longer in school. Dustmann, Raja, and Soest (2002) find that students in smaller classes tend to stay in school beyond the minimum requirement using detailed student data in England and Wales. By continuing their studies, these students are also able to earn significantly higher wages later on.
Along with smaller class size, hiring and retaining quality teachers has been advocated to improve students' achievements over time. 10 , 11 To achieve this goal, teachers' pay must be competitive to those possessing similar qualifications in other occupations in which they can choose. In the United States, the relative wages of teachers have been declining over the years.
This decline in relative teachers pay is partly attributed to the growing opportunities available for women in the workplace. In the past, when occupations were segregated along gender lines, women had limited career choices. However, when alternative occupations began to materialize, many highly qualified teachers and potential teachers were able to choose these occupations rather than teaching. Temin (2002) shows that in the U.S., relative to teaching, other occupations offer as much as a 40% premium for similar qualifications. In this regard, East Asian economies seem to offer more generous wages to teachers (see Table 6 ).
12
Empirical evidence does not offer clear links between teachers' compensation and student achievement. For instance, Hanushek, Kain, and Rivkin (1999) do not find any 9 Following the Maimonides' Rule, the maximum allowed class size in Israel is 40 students. Thus, if there are 80 students in a grade, there would be two classes of 40 students each. However, if there are 81 students, there would be three classes with 27 students each. 10 The current sentiment in the United States is that the teacher quality is relatively low compared to the past and to other professions. Lakdawalla (2001) finds that relative human capital possessed by teachers has been declining throughout the 20 th century, mainly due to skill-biased technological change outside of the teaching profession. This decline is most striking for primary school teachers where general knowledge is taught. For instance, teachers born around the beginning of 20 th century received six more years of schooling compared to those outside of the teaching profession. By 1950, teachers received only two to three more years of schooling. This downward trend is significant for both male and female teachers in both public and private schools. Strauss and others (2000) find that average SAT scores of those who intend to pursue an education major is around the 35th percentile in Pennsylvania. In addition, the passing scores for standardized tests in Pennsylvania and other states which use the same test as part of certification requirement, is around the 25th percentile. Because of this low requirement, the passing rate is better than 95% for all the applicants (Strauss and others 2000) . 11 A study by Angrist (2001) finds that in-service training leads to better student performance, pointing towards the importance of providing in-service training for teachers to keep their skills fresh. 12 Nonetheless, the perception in Korea is that teaching is no longer considered to be a top occupational choice by Koreans and the quality of teachers is slipping in recent years ("South Korea: Leaving Home" 2001). relationship between teacher salaries and student achievement. They find that teachers weigh other factors, namely the quality of students much more in making their mobility decisions. On the other hand, Loeb and Page (2000) find positive and significant effects from higher wages.
Furthermore, schools seem to have difficult times retaining such qualified teachers once they are hired and the reason why many teachers leave the teaching profession continues to be debated. A study by Stinebrickner (2002) shows that for young, female teachers, the decision has more to do with childbearing and family raising than the prospect of a better job. In fact, he finds that half of the teachers who switch jobs earned less than what they were making previously. Thus, it is not the prospects of higher wages elsewhere per se that is influencing the career moves by teachers, but other factors. However, he also finds that higher wages can slow the exit rate from teaching of these young, female teachers, as they enable individuals to pay for daycare services.
Finally, performance-based incentives for teachers have been suggested to reduce attrition. However, this approach faces a number of obstacles. The first obstacle is how to measure the output of the teachers. Solely basing the decision on easily observable achievements such as test scores can lead to "teaching to the test" kind of behavior without improvements in teaching styles (Jacob 2002; Glewwe, Ilias, and Kremer 2003) . 13 In addition, students' overall performance is not determined by a single teacher, but by many teachers in different subjects. Nonetheless, private schools in the United States are using merit pay routinely, suggesting that the merit pay system has some utilities in the education sector (Ballou 2001) . In fact, Lavy (2003) finds that incentive pay for teachers leads to improvement in students' performance in Israel.
Introducing market mechanisms to the school system, namely introducing competitive pressure so that these schools will improve, has been advocated for quite some time.
14 Competition would allow students to choose among existing private and public schools and this choice by students would induce schools to improve their qualities. 15 Experience from the United 13 Or even worse, teachers (or schools) may encourage cheating to make sure that their students achieve the desired objected imposed on the school. Even though such cheating occurs rarely (2-3% in the case of public school system in Chicago), "teaching to test" is though to be more wide-spread (Jacob and Levitt 2003) . 14 See Dolton (2003) on the discussion of the history of school choice. 15 Benchmarks would be needed to enable families, administrators, and public officials to evaluate the performance of both teachers and schools. The benchmarks would have to address many dimensions of performance if they are to inform parents who decides which schools to send their children and administrators who hire/fire teachers.
States suggests that competition between public and private schools (or charter schools) offering similar types of secondary education enhances student achievement and induces a shift away from private school attendance (Hoxby 2000a; Holmes, DeSimone, and Rupp 2003) ; it also improves teacher quality in public schools (Hanushek and Rivkin 2001) . Similarly in the United Kingdom, after the introduction of school choice (among other reform initiatives), student achievement improved dramatically without increasing the level of education spending (Glennerster 2002) . Finally, the Shinagawa Board of Education in Tokyo introduced the school choice system for public elementary schools in April 2000 and has plans to expand it to lower secondary schools (Muta 2000) . 16 However, similar to the debate on other education policies, the positive effects of school choice is not clear cut. For instance, Krueger and Zhu (2002) do not find statistically significant effect of vouchers in New York and Eberts and Hollenbeck (2002) find that students in charter schools in Michigan actually perform worse than those in public schools.
The competition facing public schools is more intense in the presence of established private schools. 17 Under such circumstances, public schools must be granted some freedom in order to differentiate themselves from others. Otherwise, public schools may face difficult times attracting good students and teachers, which leads to the decentralization of the education system.
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The motivation behind the decentralization is the belief that schools could and would customize their curricula based on the local needs and this leads to the improvements in students' 16 Since upper secondary schooling in Japan is not compulsory, there is a significant degree of competition and sorting among schools, especially in urban areas. 17 Care must be given to the distinction between private and public schools. For example, although private upper secondary schools in Korea are well established, they are not private schools in the usual sense. Decisions on curriculum and tuition are made by the government, and the allocation of students is randomized across public and private schools. As a result, competition between schools is nonexistent. Lee (2001) views this lack of competition as one of the factors contributing to the poor performance of upper secondary education in Korea. Furthermore, we implicitly assume that private schools perform better than public schools. While this is generally the case, private schools in Indonesia perform worse (Behrman, Deolalikar, and Soon 2002) . See Benveniste, Carnoy, and Rothstein (2003) for the discussion on the difference between public and private schools in similar socio-economic environment. 18 Using data from the Milwaukee Parental Choice Program in the United States, Rouse (1998) finds a modest increase in the performance of students who participated in the program compared to students who did not. Similarly, Angrist and others (2002) find positive effects of vouchers in Columbia. However, Levin (1998) questions whether voucher systems are more efficient and equitable than the current U.S. system. Some governments may choose to provide direct support to families, supplying funds to use at the secondary schools of their choice in order to alleviate equity concerns.
achievements. Some form of decentralization is necessary especially when competition is introduced among schools so that each school can differentiate itself from others to attract teachers and students. Decentralization clearly poses complex issues regarding which responsibilities to be delegated to the local level and which to be retained by central authority.
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The current state of thinking on this subject is that teachers should be granted more autonomy in the classroom and in their choice of teaching materials and course contents, but that teacher autonomy is not sufficient by itself. It should be accompanied by decentralization of authority allowing individual secondary schools to hire and promote teachers and determine compensation to some extent, so as to attract the most talented teachers. Decentralization involves moving away from tight controls by central, regional, or local authorities over the employment conditions of teachers. To be sure, these authorities retain an interest in ensuring that certain minimum standards are met. 20 Nevertheless, the tendency to micro-manage school staffing and class content should be avoided.
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Most empirical studies regarding the effectiveness of decentralization are from Latin
American countries where decentralization of education has been actively pursued since the 1990s.
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Jiménez and Sawada (2001) find that decentralization in El Salvador led to improvements in language skills and a reduction in student absences, primarily by making schools more accountable to local communities. Eskeland and Filmer (2002) , investigating the effects of decentralization in Argentina, find that more school autonomy is closely related to higher student achievement. There are a number of studies on decentralization in Chile, where the implementation of decentralization is widely viewed as successful (see Parry (1997); Vegas (2002) ).
However, the degree of improvement expected in the students' achievements thus far has not been realized. One reason could be that the introduction of decentralization policies do not necessarily lead to implementation, as pointed out by King, Ozler, and Rawlings (1999) . Another 19 Existing research suggests that decentralization of finance typically increases inequity in both access to and quality of education (Glewwe 2002) . 20 For instance, countries can offer national tests to assess student achievement, as implemented in the Philippines (National Secondary Achievement Test) and in Korea (National Assessment of Scholastic Achievement). In terms of school quality, the Office for National Education Standards in Thailand goes so far as to evaluate every school and to publicize the ratings (UNESCO 2001). 21 Chapman (2000) discusses the effects of decentralization on quality of education, and Woessmann (2001) examines the relationship between institutional arrangements and student achievement. 22 For the effect of fiscal decentralization in the Philippines, see Behrman, Deolalikar, and Soon (2002) .
confounding issue is that decentralization is often introduced for political rather than educational reasons. In such cases, it is not surprising that there is little change in the learning environment.
Moreover, shifting authority and responsibilities to local school administrators with inadequate experience and training will not yield the intended results. In her analysis of Thai educational reforms after the financial crisis, Witte (2000) speculates that the desire to build consensus around national educational policy initiatives came at the price of vagueness, which allowed teachers and officials to interpret rules as they like. In Hong Kong, the government announced the School Management Initiative, which resembles school-based management in the United
States in 1991 (Dimmock and Walker 1998) . Despite some evidence that standards of teaching have improved and teachers have more flexibility in their use of resources following decentralization, student scores have not improved.
III. Empirical approach
As is conventional in much of the empirical literature on the economics of education, we adopt the production function approach with:
Where Score is measured by TIMSS-R scores which proxies for the quality of education as typically used in the literature. X typically includes school resource variables (class size, perstudent spending, teacher qualification, teacher wages) and demographic variables. Following this, we utilize the detailed data obtained by TIMSS-R.
Where Score ijkl is measured by TIMSS scores in math and general science for student i in class j taught by teacher k in school l. S i includes student characteristics (innate ability, motivation, and gender), P i includes parents' characteristics of student i (education attained by father and mother, degree of academic excellence emphasized by mother, home resources, and family structure). C j specifies the peer effect by classmates (the perceived importance of math/science achievement by classmates, average educational level of parents in class) and class size. T k includes the teacher characteristics such as teacher qualification, age, gender, experience, and teaching methods for teacher k. X l includes principals' report on facilities adequacy at school l. D l includes a set of variables indicating the degree of decentralization at school l.
Most empirical studies of education are concerned with endogeneity issues. This is especially true in the Untied States where parents make residential decisions partially based on the quality of schools available in a community. Since high quality schools are much sought after, this demand is reflected in the higher prices for homes. Thus, it is hard to separate whether students are doing well in school because of the quality of local education or because of the high income of parents. Thus, estimates from equation 1 are biased upward if these endogeneity problems are not taken into consideration. Much of this bias can be accounted for by including detailed characteristics that may influence the educational achievement of students. Unlike other data sets in which students and parental information are missing, TIMSS-R offers a rich set of data on them. Including these variables in the specification enables us to alleviate the bias problem.
Variables
Among the possible determinants of student achievement, family resources are thought to exert a large influence (see for instance Hanushek and Luque (2002) ). Typically in the literature, this is proxied by the educational level attained by parents. From the TIMSS-R data set, we observe that the higher the parents' education level, the higher the scores for both math and science in East Asia.
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However, parents' education is just a proxy to gauge students' educational environment at home. For example, parents in Korea spend as much as 25 percent of their income to support their children's education through supplementary materials and private tutoring (Lee 2001) . To better judge the effect of the availability of such home resources, one needs to include other information in addition to parents' education. TIMSS-R offers rich survey data on this, and we include variables, home_high and home_low. The measure of the home 23 In addition, the higher the parents' education, the more students aspire to finish a university degree, except for in Indonesia and in Thailand where the majority of 8 th graders plan to finish university education regardless of their parents' education. On the other hand a much higher proportion of 8 th grade students in Singapore and Taiwan plan to pursue vocational training rather than university. Students from Korea seem to have the highest aspirations. resource includes parents' education, number of books at home, and availability of calculators, dictionaries and other study-aid materials. Casual inspection of the data reveals that the home resources are positively correlated with student achievement (See Table 4 ).
We use two variables to control for the student specific characteristics. One is the sex of the students and the other is a control for the student's innate ability. This is another variable that is often missing in most studies on education. Without this variable, it is hard to separate the effect of school on students. One never knows if it is the good school that makes students perform better or these students who are better equipped to the educational challenge attend good schools. In an ideal situation, we would like to obtain the past performance measure of students to control for their innate abilities. However, lacking such data, the best indication of their innate ability is their subjective assessment of how well they understand math and science in general. We use a dummy, mgood (sgood) for those students who responded that they do well in math (science) in general. Information on parents and students are used primarily as controls.
In terms of policy implications, we are interested in possible levers that policymakers can pull to improve students' achievements. One type of such levers is school resources.
Class sizes in East Asia tend to be on the larger side compared to the international average and to the United States. Those who perform better than others tend to have class sizes lower than 40, except for Korea, although variation among these countries are small. 24 Those countries scoring lower than the top five economies, Indonesia, Philippines, and Thailand have much larger class sizes (See Table 5 ). Therefore, looking cross-country among these economies, smaller class sizes seem to be associated with higher achievement. To test this, we include class in the regression. However, compared to the international average, these economies still have larger class sizes. Thus, correlation of class size to student achievement needs to be evaluated with care. Along with the class size variable, we also include a set of variables representing the adequacy of school infrastructure reported by the principals to test the effect of school resources other than classroom size.
Another issue is the quality of teachers. In terms of percentage of students taught by qualified teachers, East Asian economies fare pretty favorably compared to the international average and to the United States. Except in Hong Kong, Malaysia, and Thailand, more students in East Asia are taught by well-qualified teachers in math than the international average. In science, fewer students in Indonesia, Malaysia, Philippines, and Thailand are taught by qualified teachers compared to the international average (See Table 7 ). This mirrors quite closely their relative rankings in TIMSS, except for Hong Kong. In terms of certification of teachers, except for Indonesia in math, close to all students in these economies are taught by certified teachers.
One puzzling picture from this table is the low percentage of students in math class taught by certified teachers in Indonesia, whereas almost all students in science classes in Indonesia are taught by certified teachers. For these economies, it seems that improvements in teacher training in the relevant subjects that they teach may be warranted. Of course, this is assuming that students who are taught by qualified teachers outperform others. We used mqua (squa) as the measure for the teacher quality in math (science). We use qualification rather than the certification as the observable quality of teachers. The choice is mainly due to the low variance of certified teachers in most countries. Also it may be the case that certification itself may not be a guarantee of quality (see (Angrist and Guryan 2003) ). To check whether incentive mechanisms have any discernable influence on students' achievements, we include salaries and hiring, dummies indicating that hiring and salaries decisions are made at the school level.
In terms of the institutional setting of the school system, we need to include variables representing the degree of competition and autonomy among schools in East Asia. The data set provided by TIMSS-R is silent on the issue of competition. However, one might be able to proxy the degree of potential competition by the geographical location of schools. That is, schools in cities will tend to face much severer competitive pressures from not only other public schools, but also from private schools, whereas in the "isolated" areas such pressure would be much less. Thus we include two location dummies, city and isolated, with rural as the base case.
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In this paper, we focus our attention on teacher autonomy which is typically a part of decentralization effort. The transmission mechanism should be teacher autonomy which should 25 The existence of private schools may confer other benefits also. Typically private schools are thought be more efficient in managing the school resources relative to publicly managed schools. Such is the case for Indonesia (James, King, and Suryadi 1996) . Expenditure per pupil is 40% lower in Korea (OECD 1998) and 25-30% lower in Thailand (World Bank 2000) . In addition, adults who attended private institutions in the past tend to earn higher wages in Indonesia, even after correcting for selection bias (Bedi and Garg 2000) .
correspond to differences in teaching methods that would result in differentiated achievements among students. As a measure of autonomy enjoyed by teachers, we construct a set of dummy variables based on two questions on teacher's survey: the freedom to choose textbooks and contents to be taught. auto1 is a dummy variable for "cannot choose textbook but content", auto2 is for "can choose textbook but not content", and auto3 is for "can choose textbook and content". The baseline is no autonomy. Also we include sets of interactive dummies between autonomy and salaries and hiring to test whether incentive mechanisms work well with teacher autonomy. and "has good understanding of math" (bsdmcmai)) are positive and significant with large magnitude. The only exception is the estimates for students in Indonesia. Their self-assessment measured by mgood do not corresponds well to higher scores. Given that students who have good understanding of math still do well relative to others, it may be the case that math classes in Indonesia may be less challenging compared to other countries, where students need to have good understanding of math to do well in their countries. It seems that students without good understanding of math can still do well in Indonesia.
IV. Results

Math
Positive attitudes towards math (bsdmpatm) also seem to have positive effect on the scores. Except for students in Korea and Singapore, where positive attitudes have no statistically significant effect and in the U.S., where positive attitudes actually have a statistically negative effect. Self-aspiration (bsbgedse) is also associated with higher scores, except for Singapore in science. Quite naturally, if one is interested in the given subjects, we can safely assume that they exert more efforts towards understanding these subjects.
As expected, those with high home resources perform well, while those with low home resources perform much worse in general. Although in Hong Kong, the Philippines, and
Singapore, home resources do not have any statistically significant effects on either variables and high home resources in Indonesia do not have any statistically significant effect. There is a considerable variance to the magnitude of the coefficients among economies in East Asia, varying from 36 to 57 points difference between students with low and high home resources and the U.S. exhibiting the largest difference of 63 points. The data on parental education in Japan is not reported, hence the omission of home resource variables for Japan.
Most studies find family factors to be an important determinant of students' performance.
In contrast, we find no significant effects in Hong Kong, Philippines, and Singapore. It may be the case that these school systems are more equitable in a sense that their schools enable students from differing background to perform well. On the other hand, the results on Indonesia may indicate that schools in Indonesia may not be preparing students well, given that students with low home resources perform relatively worse, yet students with high home resources do not do better either. Coupled with the previous findings that even those students who may not have a good understanding of math can still do well in Indonesia, quality of math classes needs to be improved in Indonesia.
On the gender, there is no clear pattern across countries. In Hong Kong, Indonesia, Thailand, and the U.S., boys do better than girls (5-14 points). On the other hand, in Japan, Korea, and Singapore, boys do worse than girls by 5-7 points. In Malaysia, the Philippines, and Taiwan, there is no statistical difference between performance of boys and girls.
Competition proxied by geographical location seems to matter, as we would expect.
Those who are in cities score higher, especially in Indonesia and the Philippines. The exceptions are the result of the U.S. where students in cities score lower, and in Japan, where their scores do not differ from those from rural area.
26 Surprisingly, the results from the teacher qualification are quite mixed. We obtain expected results in Hong Kong, Japan, Korea, and Singapore, but results from the Philippines and Taiwan are both negative and significant, and results from Indonesia, Malaysia, and Thailand are insignificant. For Indonesia and Thailand, inclusion of interactive dummies 26 We also included variables measuring the adequacy of infrastructure reported by the principal and an indicator of "good" schools (meaning less disciplinary action required). The results on the infrastructure was mixed. One would expect that lack of physical infrastructure, especially at the lower income level, will have a negative influence on students' achievement. However, the result mirrors that of the class size. That is, the more principals are concerned about the physical infrastructure of the school, the better the students perform. This may arise from the subjective nature of the question. Good schools with higher aspiration may consider the current physical infrastructure of schools to be inadequate for the future, thus expressing greater dissatisfaction with the facility even though it may be quite sufficient compared to other schools. The results on the measure of "good" school is as expected. The less that the school needs to deal with disciplinary measures, the better the students perform.
between hiring/salaries and teacher autonomy resulted in the coefficients on teacher qualification to switch from being positive and significant to insignificant, while for Malaysia, the coefficients on teacher qualification are insignificant among different specifications.
The results on class size are also mixed. For students in Hong Kong, Malaysia, Thailand, and Taiwan, smaller class sizes are more beneficial. On the other hand, larger class sizes are more beneficial for Indonesia, the Philippines, Singapore, and the U.S. This is quite odd in that class sizes in Indonesia and the Philippines are among the largest in East Asia. This may reflect a couple of potential endogeneity problems such as: more able students are put into a larger class (struggling students are put into a smaller class); 27 more able students are put into a larger class, face more competition, and therefore do better; students develop more initiative and self-reliance in a larger class room setting, and this leads to better performance; better teachers are assigned to larger classes (so larger class is a proxy for teacher quality) (Dolton and Vignoles 2000) .
However, as explained the earlier section, we control for the student's ability and teacher's qualification, which should mitigate such endogeneity problems. Hence, it is rather hard to explain the counterintuitive results based on such arguments. In addition, the results on the classroom size are fairly stable across different specifications. Thus, we are still left with mixed results on the effect of class size reflecting the current debate in the literature.
The results on the teacher autonomy vary widely among different countries. One would expect that as teachers gain more autonomy, they should be able to adopt teaching methods most conducive to improving students' achievements. However, the results from the regression do not provide a clear-cut picture that such a prior is correct. In terms of hiring and salary setting practices of the schools, most results are insignificant or of wrong signs. For hiring, the coefficients are negative in Hong Kong, the Philippines, and the U.S. and for salaries, in Indonesia, Korea, Thailand, Taiwan, and the U.S. Only in Indonesia, hiring affects the student performance positively and salaries having positive effects in Hong Kong, Malaysia, and the Philippines. Thus, we do not find any clear results from teacher autonomy and related incentive mechanisms.
27 West and Woessmann (2003) finds that students tend to be sorted into classes with different sizes. Among the 18 economies they consider, Hong Kong, Japan, Korea, and Singapore were included with all but Korea exhibiting sorting behavior. However, much of this sorting occurs between schools (i.e. parents choose schools with smaller class sizes), rather than within school sorting (i.e. teachers and/or administrators place poor performing students in smaller (or larger) classes), except in Singapore where students are sorted in both respects. Our results on Hong Kong and Singapore conform with the findings by West and Woessmann, but not for Japan and Korea.
Science
The indicators of self-assessment ("usually does well in science" (sgood)) are positive and significant with large magnitudes, except for results for Indonesia, Philippines, and Thailand.
On the other hand, students who claim they have good understanding of science (bsdscmai) do well in all countries considered. Again, results in Indonesia mirror those of math. Indonesian students who do well usually in Indonesia do not score any higher, but those who have good understanding still score higher relative to others. It is quite interesting to note that when one rank countries based on coefficient estimates on sgood, one gets more or less the ranking of perceived technical strength of this group of countries. The only out-of-place countries are Korea and Japan relative to the United States. Positive attitudes towards science (bsdmpats) also seem to have positive effect on the scores. Self-aspiration (bsbgedse) is also associated with higher scores, except for Singapore.
In terms of the availability of home resources, 28 a lack of them significantly negatively affects student performance in Korea, Malaysia, Taiwan, and the U.S., whereas students with low home resource in Singapore actually score higher. On the other hand, an abundance of resources is beneficial in Hong Kong, Korea, Malaysia, Thailand, Taiwan, and the U.S. Again, home resources do not seem to matter in Indonesia and the Philippines. These results are consistent with the findings from regressions on math. The gender difference is more pronounced in science than in math. Boys do significantly better in Hong Kong, Indonesia, Korea, Malaysia, Thailand, Taiwan, and the U.S. This gender difference is more pronounced than for the results on math. Schools located in cities do well in Malaysia, the Philippines, Thailand, and Taiwan. Similar to the results obtained in the math regression, schools in cities perform worse in Japan and in the U.S. 29 However, overall results are weaker compared to the regression results from math.
As expected, results on class size are not clear-cut. Smaller classes seem to be beneficial in Hong Kong, Malaysia, Thailand and Taiwan. On the other hand, we still obtain positive and 28 We also control for parental pressures by including a variable measuring whether mothers think math (science) is important. From the results, a mother's influence seems to be important. The results on admission policies are mixed. From the TIMSS data set, it is impossible to identify which are private schools. The results on peer are quite contrary to the findings in the literature. The coefficient estimates on peer are mainly negative. 29 The results on the adequacy of infrastructure and "good" school indicators are quite similar to the results obtained from the math regression.
significant coefficients on class size for Indonesia, Japan, and Singapore. However, results on class size are at least consistent within a country.
The results on the teacher quality are more in line with our expectation, except in Singapore where it is negative and significant. For the other economies, the coefficient estimates are positive and significant in many economies, unlike much weaker results from the math regression. It may be the case that qualification in science is more closely associated with quality of teachers than in the case for math. This can be readily seen in Indonesia. The results on teacher qualification for math was not significant but for science, it is significant and large.
Looking at teacher characteristics, most math teachers are qualified, but slightly less than half are certified. On the other hand, two thirds of science teachers are qualified, while almost all of them are certified. This implies that certification in Indonesia may not be a good indicator of quality of teachers.
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We also ran alternative specifications basing teacher qualification on the degree they received. Having teacher certification is associated with higher scores in Hong Kong, Indonesia, and Malaysia, and the Philippines in science. For the degree of the teacher in math, the results are mixed and no discernable pattern emerges comparing the results across countries. In science, students taught by teachers receiving a BA in science seem to perform better, while students taught by teachers with a BA in education actually perform worse than by teachers with a BA in other subjects. For teachers with an MA, results are mixed.
Again, the results on teacher autonomy vary across different countries. Only in a few instances such as in Malaysia and the Philippines do we obtain positive and significant results.
For the all the other economies, the estimates are mostly negative or insignificant. The estimates on salaries are significant and positive in Malaysia, the Philippines, Taiwan, and the US. The estimates on hiring are significant and positive only in Thailand and the U.S.
V. Discussion
From the regression results and from the literature, there are only few observable variables that consistently predict the performance of students in terms of test scores. Naturally, the student's own ability (partly reflecting their past educational experience and partly reflecting 30 Although it is curious why only half of math teachers are certified in Indonesia.
their endowment) typically exerts a large influence on the future performance, and so do the home resources which are made available to students. We included these variables along with the aspiration mainly to control for the ability and effort level of students. Hence, very little policy prescriptions can be gleamed from these results.
For the other variables that policymakers can readily influence, the results are mixed at best. One of the main reasons why the issue of the class size is emphasized in the United States and elsewhere is the fact that this is one of the easiest attributes of the education system to change and implement. Similar to previous studies on this issue, our results on the class size are mixed, even though we controlled for many of the characteristics of students and parents that are not typically available in other studies. Two explanations can be offered for our results. The first is that class size dose matter for students' achievements. The other is that our results are still affected by endogeneity problems. The inclusion of these variables should mitigate the endogeneity problem associated with class size. Our results suggest that the use of more detailed data sets may not truly correct for the endogeneity issue. If that is the case, then the way to proceed in this regard is to utilize the controlled experiments. The results from these controlled experiments do show the beneficial effects arising from smaller class size, especially among those who are disadvantaged. Provided that these results are more robust than fragile findings from non-controlled data sets, we find smaller class sizes to be effective in some economies.
Hence it may be worthwhile to consider moving more towards smaller class size. This may also be beneficial if teacher and student interactions are required in the future, a reflection on the criticism of rote learning in East Asia. However, caution must be paid in the actual feasibility of implementing a system-wide reduction in class sizes. Since reductions in class sizes typically lead to a larger number of teachers, 31 policymakers need to assess the increase in the demand for teachers and adequate supply of qualified teachers. The evidence from the system-wide class size reduction in California points out the danger that such sudden reduction in class size can lead to reallocation of teachers within the state, resulting in better teachers moving towards better schools, and poor performing schools are left to scramble to fill the vacancies. The end result of such movement of teachers is that poorer districts saw the reduction in teacher quality while better districts did not suffer as much (Jepsen and Rivkin 2002) .
This leads to the question of the teacher qualification. Even though degrees granted to teachers do not necessary mean that these teachers are better than those without advance qualification, the results from the test scores on science clearly indicate that students who are taught by qualified science teachers perform much better. On the other hand, qualification does not seem to matter too much in mathematics. It may be the case that one needs more solid understandings of science matters to be able to teach, in addition to the fact that most natural science teachers also tend to have a solid understanding of math. Thus, improvements in science education and expansion in science enrollment at the tertiary level can assist producing more teachers with solid understanding of science in addition to help moving the economies towards an innovation-based growth strategy.
The results on teacher autonomy were quite disappointing. The expectation was that with autonomy, teachers would be able to tailor the classroom conduct for students, leading to higher students' achievements. That is, teacher autonomy leads to different teaching methods, which ultimately result in higher scores. However, teachers in East Asia do not seem to change the way they teach regardless of the degree of autonomy that were granted to them. Table 10 would not expect teacher autonomy would lead to higher student achievement.
Then, the question is why teachers in East Asia do not change their teaching methods even though they are given the freedom to do so. They may lack knowledge about alternative teaching methods and materials. Teacher autonomy needs to be accompanied by proper training for both administrators and teachers if they are to achieve their intended goals (Chapman 2000) .
For instance, a new subject, "Integrated Learning" was introduced in Japan in 2002. Unlike in the past, the Ministry of Education, Culture, Sport, Science and Technology gave teachers
greater latitude on what and how to teach such subjects. The only guideline issued by the Ministry was that these classes should be aimed to foster the ability to think, learn, and explore independently and creatively. However, after numerous requests from teachers, the Ministry at the end decided to circulate guidelines on how to teach such subjects, since many teachers and local school boards did not know how and what to teach such classes (Cave 2001; Muta 2000) .
Without such reform, teachers are likely to follow templates or frameworks laid down by authorities that may be either too rigid to allow autonomy or too vague to indicate priorities.
Furthermore, there may be a complex interplay among other factors that may affect the teacher's decision to alter his/her teaching practice. For instance, in Malaysia and the Philippines, the estimates on autonomy and salaries were both positive, and the results from
Chile also suggest that autonomy, coupled with hiring decision, leads to higher student achievement, whereas autonomy itself does not (Vegas 2002 ). These results suggest that both autonomy and incentives given to teachers are important in improving student performance.
Further research in this area would shed more light on what kind of mechanisms are most effective for changing teacher conduct in the classroom and improving student achievement.
More broadly speaking, the complexity of education systems means that several factors, including teacher qualifications, community involvement, and school management, interact with one another to determine student achievement. Further research has been recommended to assess the kind of decentralization that would most effectively deliver the desired results (Glewwe 2002 ).
Overall, our approach to deepen the understanding of the education process yielded similar results to existing studies, despite the fact that we used a much richer dataset. Only in Malaysia did we consistently find expected results on teacher autonomy and incentive mechanisms. In other economies, the results are mostly counterintuitive, save for the most basic determinants such as family background and students' abilities. Even for these variables, estimates vary widely among the sample of countries. This suggest that each country's education process is quite diverse and the differences affect various factors in a nono-systematic way. Take Indonesia for example. From the regression results, we may infer that schools are less challenging in Indonesia, since students who usually do well in math and science do not score higher than those who don't, yet in other counties, those who do well in their countries also do well on TIMSS. But Indonesian students who have good understanding of science still did well on TIMSS, and effects on this are not that different from students from other countries.
Inclusion of detailed characteristics on students, teachers, and schools still yields mixed results, 
VI. Conclusion
Our results confirm the mixed findings on determinants of student achievement in the literature. The most consistent determinants are students' past achievements and educational resources available at home. In terms of teacher quality, teacher qualification in science is found to be an important determinant for higher achievement, whereas in math, teacher qualification plays much smaller role. As for school resources, especially class size, the findings in this paper are mixed. For some students in some economies, smaller class sizes are beneficial, but not for others. This is despite the fact that we control for extensive sets of student, family, teacher, and school characteristics, which are often not available in other studies. Even results obtained from studies based on controlled experiments like Project STAR are not ironclad. The results may be more supportive of smaller classes, yet one may obtain such results from higher effort levels by those who are involved in the experiments (Hoxby 2000b) . Studies based on exogenous variation in classrooms such as in Israel (Angrist and Lavy 1999) is quite illuminating, but we are not sure how many such exogenous changes can be readily identified. It may well be the case that what matters is the ability of teachers, rather than a simple reduction in class size (Woessmann and West 2002) or it may be influenced by peers (Fertig 2003; Lazear 2001 ).
The finding on teacher autonomy was at odds with the prior belief that teacher autonomy would lead to better student performance. Further scrutiny of the data reveals that teachers do not always exercise their autonomy in East Asia. Thus, teachers with little to full autonomy teach the same way as teachers without any autonomy. It is no wonder that we did not detect any differences in students' achievements across teachers with varying degrees of autonomy.
This clearly illustrates the problem of isolating effects from a reform and the actual changes in the behavior of teachers. To better assess the benefits of teacher autonomy and decentralization, one needs to pay particular attention to what has actually changed in the classroom, rather than just testing the change in policy direction.
In general the empirical studies in education are hampered by lack of detailed comprehensive data on students, teachers, and schools. However, even utilizing such data, the results are still not clear-cut. The results from experiments provide us with much clearer picture of what kind of policies affect students' achievements and are empirically more robust than any analysis that is based on the observational data. However, such experiments are sparse, and more of these experiments are needed to judge the applicability of similar policies to other countries. Future research in this field can benefit tremendously from such efforts and this may be a more fruitful way to approach the quality of education rather than relying on the observational data. Notes: *** denotes significance at 1 percent, ** at 5 percent, * at 10 percent level. "Low home resources" and "High home resources" are dummies with "Medium home resources" as the reference point. These dummies were constructed by TIMSS using availability of educational materials available at home and parent's education. "Teacher is qualified" is a dummy based on whether teachers in each economy meet country-specific qualification criteria. auto1 is a dummy variable for "cannot choose textbook but content", auto2 is for "can choose textbook but not content", and auto3 is for "can choose textbook and content". The table includes only selected variables of interest. The actual specification includes more variables, including student family structure, self-assessment, peer effect, aspiration, homework policies, etc. 4229 Notes: *** denotes significance at 1 percent, ** at 5 percent, * at 10 percent level. "Low home resources" and "High home resources" are dummies with "Medium home resources" as the reference point. These dummies were constructed by TIMSS using availability of educational materials available at home and parent's education. "Teacher is qualified" is a dummy based on whether teachers in each economy meet country-specific qualification criteria. auto1 is a dummy variable for "cannot choose textbook but content", auto2 is for "can choose textbook but not content", and auto3 is for "can choose textbook and content". The table includes only selected variables of interest. The actual specification includes more variables, including student family structure, self-assessment, peer effect, aspiration, homework policies, etc. Source: based on TIMSS data.
